Combining simple sequence repeat (SSR) molecular data obtained from different laboratories or different genotyping platforms is often a challenge, especially for large-scale analyses and for highly polymorphic markers (for example, George et al., 2004 ) . Although work can be partitioned with markers assigned only to one platform in one laboratory, this is rarely the case. Thus, one way to avoid troubles in merging data sets, and provide standardization, is to use similar controls as allelic references.
Sorghum ( Sorghum bicolor (L.) Moench) is a major staple crop in semiarid environments, traditionally used for forage and food consumption. Five major races (bicolor, caudatum, durra, guinea, and kafi r) and 10 intermediates were determined using panicle and spikelet morphologies and were confi rmed by genetic markers ( Deu et al., 2006 ) . This crop is gaining attention in a context of climatic changes for its adaptation to water scarcity and its uses as biofuel. It is a reference for C 4 metabolism plants because the sequencing of its genome is now available ( Paterson et al., 2009 ; http://genome.jgi-psf.org/Sorbi1/ Sorbi1.info.html). Although directly sequence-derived markers may be routinely used, multiallelic markers such as SSR will continue to be a reference, especially for small-scale diversity studies. We present here a work on designing a robust technical reference SSR kit for sorghum from previously published and unpublished SSR markers to be used to combine information from different studies.
METHODS AND RESULTS
Forty-eight sorghum accessions (Appendix 1) were selected among a core collection of cultivated sorghum ( Deu et al., 2006 ) to represent all races and geographic origins. DNA extraction from a single representative plant was carried out at the Centre de Cooperation Internationale en Recherche Agronomique pour le Developpement (CIRAD; France) following Deu et al. (2006) . An aliquot quantity of DNA samples was sent to the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT; India) for SSR genotyping.
One hundred seventeen SSR markers (http://sat.cirad.fr/sat/sorghum_SSR_ kit/) were selected among published markers ( Brown et al., 1996 ; Taramino et al., 1997 ; Bhattramakki et al., 2000 ; Kong et al., 2000 ; Schloss et al., 2002 ; Ramu et al., 2009 ; Mutegi et al., 2011 ) and specifi cally developed markers. These were obtained from (GA) n , (GT) n , or (CCG) n microsatellite-enriched libraries, following a hybridization-based method in which DNA was previously digested with Pst 1 or Rsa 1 as described in Billotte et al. (2005) Kong et al., 2000 ; 8 Bhattramakki et al., 2000 . b The chromosome number was defi ned by genetic mapping and BLAST of the primer on sorghum sequence using Primer-BLAST at the National Center for Biotechnology Information (NCBI).
c Position on the chromosome pseudo-molecule (when a reliable Primer-BLAST result was obtained ).
fi fty-two enriched sequences were clustered, and PCR primer pairs for microsatellite amplifi cation were designed using SAT pipeline ( Dereeper et al., 2007 ) . The 10 sorghum chromosomes were each partitioned into fi ve bins and between one and four SSR markers were chosen in each bin. Genotyping was conducted in two laboratories (CIRAD and ICRISAT) following usual practices (Appendix 2). At CIRAD, the forward primer was designed with a 5 ′ -end M13 extension (5 ′ -CACGACGTTGTAAAACGAC-3 ′ ), and an IR-labeled IRDye M13 primer was added to the PCR. Electrophoresis and DNA fragment detection used polyacrylamide gel-based system sequencers (LI-COR, Lincoln, Nebraska, USA). At ICRISAT, PCR was performed using fl uorescentlabeled primers, and detection used a capillary electrophoresis (Applied Biosystems, Carlsbad, California, USA). Data acquired in both laboratories were compared taking into consideration exact scoring and heterozygosity levels of each DNA sample for all SSR pairs. Markers were considered reliable when more than 90% of the individuals yielded a scorable genotype and when results were congruent for more than 95% of the data points, i.e., presented identical scoring or homogeneous allelic size shifts and similar detection of heterozygosity. In bins presenting more than one reliable marker, selection was based on minimizing missing data. A set of 48 SSR markers was defi ned based on these criteria ( Table 1 ) . It includes nine markers designed in genes ( Schloss et al., 2002 ; Ramu et al., 2009 ) and 39 markers designed in noncoding sequences ( Brown et al., 1996 ; Taramino et al., 1997 ; Kong et al., 2000 ; Bhattramakki et al., 2000 ; Mutegi et al., 2011 ; this paper) . Among the selected markers, different types of SSR motifs are represented: dinucleotide (61.2%), trinucleotide (26.5%), tetranucleotide (8.2%), pentanucleotide (2%), and hexanucleotide (2%), as well as perfect (89.8%) and imperfect (10.2%) repeats. The 48 selected markers are distributed across all 10 linkage groups (LG), with a range of three to seven markers per LG.
Among the 48 DNA samples analyzed, 10 samples presenting the largest allelic ranges available were chosen to be technical controls (IS929, IS2156, IS2807, IS7889, IS11119, IS12531, SSM275, SSM379, SSM546, and SSM1284). No particular focus was given to refl ect sorghum races or geographic origins. Allele numbers ranged between two and 10 per marker. They were associated into three control pools (C1 including IS2807, SSM1284, SSM275; C2 including IS11119, IS12531, IS929; and C3 including IS2156, IS7889, SSM379, SSM546) ( Table 2 ) . PCR amplifi cations were run a second time for these DNAs, in order to provide both absolute size information by allelic sequencing and clear picture references. PCR was carried out in a total reaction volume of 10 µL containing 25 ng of DNA, 1 × buffer, 200 µM dNTP, 2.5 mM MgCl 2 , 0.10 µM reverse primer, 0.08 µM forward-tailed primer, 0.10 µM M13-tailed primer labeled with IRDye 700 or IRDye 800, and 1 U of Taq polymerase (Life Technologies, Carlsbad, California, USA), and performed with an Eppendorf Mastercycler 384-well cycler (Eppendorf, Hamburg, Germany). PCR cycling profi les consisted of 4 min at 94 ° C; followed by nine cycles of 45 s at 94 ° C, annealing at decreasing temperatures (60 ° C for 1 min; −0.5 ° C/ cycle), and 72 ° C for 1 min 15 s; followed by 24 cycles at 94 ° C for 45 s, 55 ° C for 1 min, and 72 ° C for 1 min 15 s; with a fi nal extension of 5 min at 72 ° C. Five μ L of PCR products was sequenced by GATC Biotech (Constance , Germany; http://www.gatc-biotech.com). The remaining 5 μ L were used to provide the reference genotyping profi le. They were equally pooled and diluted four times with a 1 : 5 formamide-water mix, and were separated and detected using a LI-COR 4300 DNA analyzer (LI-COR). Altogether, 196 alleles were sequenced and aligned against a reference sequence ( Table 2 ) .
CONCLUSIONS
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